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© Color display apparatus. 

© By storing the color information of characters to 
be displayed in three planes (4R, 4C, 4B) in a 
character generator 15 this information can be used 
in a display controlior (21) in such a way that high- 
quality characters are displayed. 
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COLOR DISPLAY APPARATUS 



This invention relates to color display ap- 
paratuses with display panels, for example, of the 
hqu,d crystal type, and more particularly to a color 
display apparatus which is capable of displaying 

a limited number of pixels. 

with If °n d ? Play ^ construct *l. tor example. 
w.th the liquid crystal has color dots of the three 
primary colors (R. G and B) formed thereon in a 

Predetermined order - herein a color pixel is usu* 
any constituted by three adjacent one5 P of 

dots respectvely corresponding to the three p* 

combing "* CaS6, the —On"-* of me 

combinations of color dots of the three primarv 
colors on the display oanei tn n, a „ pnmar y 
Dixels nn tho 8 res P©ctive color 

P xels on the same panel is fixed in accordance 

of the panel. With this kind of color display panel a 

£TJ?1Z 8 character is ^veoTal's! 

actJL^ y8arS ' C0 ' 0r diSp,ay P 8 " 6 ' 3 * the 
display dot have increased in number. In a color 

me characters are large in size. 

It has been a demand in recent years that a 
hqud crysta. display pane, of the above type « 

alsoT dS 0 "^ 0 diSP ' ay 3 tetevision p£S 
also to display character information for examnte 

^character broadcasting or a 
case of the European teletext, it is necessarv t« 
*S' ay ? out torty characters in the EZ* £ 

EhSSfU ° f PiXS,S PSr one cha ™ter TZ 
in o h J d :. 9Cti0n muSt be restri <** to abo* five 
n order to display all the characters, that isto sa? 

must bT^LS 0 / d ? ^ ** h ° ri20nta ' di ^" 
must oe restncted to about fifteen. 

f' 9 ' f is m "lustration showing an enlaraed 

co to r d T ,a r ^ ° f *• ^ention"'^ 
crystal color display apparatus, the portion cor- 



respond.ng to one character. In the shown display 
pane. 1. a number of color dots (720 color dots in 

U^TK? ° f ^ *— col ° r * are £ 

ranged in the order of a red (R) color dot 2r a 
s green (G) co.or dot 2g and a blue (B) colord^b 
m a cyclic fashion in the horizontal di ection id a 

pleT o^'sam d0tS , (24 ° ^ d ° tS «^ 
Pie) of the same color are formed in the vertical 

* £n\TT y a dot matrix * which 

entLv an* T C0,0fS are dis ™«ed 

entirely and uniformly on the panel is formed. In 
each horizontal line, each color pixe. 3 is foVmed 
by a respective one of the combinations oTES 
adjacent color dots, namely, a red (R) color dot ? 
L 9 Tk (Q) CO, ° r d0t 29 a °'" e (B) color doi 

2S x25?!L' C H° r ^ for examp '«. of 

240 x 240 is formed on the panel as a whole. With 

zo Tr 1 OnVe " t,0nal diSP ' ay apparatus - character 
L'T? 3 CharaCt6r A R 9- 5) is display^ 
m a s x 9 color pixel matrix. In this case Z 
display apparatus has a memory 4 in wnfch me 

7rT^T xer pattems arest0r9d in ^ 

25 nil , . mS 38 8hown in R 9- 6 (on'y the bit 

Those color dots 3 corresponding to bits "t - jn the 
bit pattern (i^. the color dots indicated by hatch ng 
•n Figu 5) are act.vated to display the character 
30 ^eve-described conventional liquid cry- 

thS ? r P ' ay 3PParatUS 18 disadvantageous7n 
that, since the number of pixete per each characte? 

'ioZ'lT SS9mentS ° f 3 di5p,a ^ character^ 

« « at rtS brth sho "Wers portions in Fio 
f has *us been practically impossible to dTspTay 
a character of a good quality V 

to dIo^T 3 , 3 " ° bjeCt ° f * e Present inv «"tion 
to provide a display apparatus which is capable of 
displaying pattems. such as characters ofTonnw 
«° ^alitywithaiimitednumberofc^pTxeS 9 

According to the present invention, mere is 
provided a cotor display apparatus compS g 1 

do s oftEe y t h Pane ' 00 ^ 3 Phraii * of ^ 
dots of the three primary colors are formed in a 

foTma^r^ ° rder - 3 mem0ry for coring bit in! 
™ ?l Corres P° n *ng to dot-matrix pattems rZ 

section for activating the color dots on the color 

so fTl^tl" 3CCOrdanCe *» * a « in»or e mSon 
read from the memory to thereby display char- 

with at least three storage areas corresoondinn 
respectively to the color-dot groupsTm^el 

SSZS"* " 3aCh ^ea bit inform^ 

corresponding to dot-matrix patterns representative^ 
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respectively of all kinds of characters to be dis- 
played being stored, the display control section 
activating the color dots of the three primary colors 
on the color display panel based respectively on 
three bit-information groups which are read respec- 5 
tively from said three storage areas and corre- 
spond to a character to be displayed, whereby the 
last-mentioned character is displayed on the color 
display panel. 

With the above structure, in the case where the 10 
color dots of the three primary colors are arranged 
in each horizontal line in a certain order in a cyclic 
fashion, one color pixel can be formed not only by 
the combination of color dots of the three primary 
colors arranged in a specific order as in the con- 75 
ventional apparatus but also by those combinations 
of color dots of the three primary colors which are 
arranged in other orders (the combinations of color 
dots in the order of red, green and blue and the 
combination of color dots in the order of green. 20 
blue and red when the color dots are arranged in 
the order of red, green and blue in a cyclic fash- 
ion). Therefore horizontal positions of the respec- 
tive color pixels which form a character to be 
displayed can be selected three times more finely 25 
than in the conventional apparatus. As a result, 
patterns such as characters of a better quality can 
be displayed with the same number of color dots. 

An embodiment of the invention will now be 
described with reference to the accompanying 30 
drawings. 

Fig. 1 is a diagrammatic illustration showing the 
structure of a memory in one embodiment of a 
color display apparatus according to the inven- 
tion, wherein bit information representative of a 35 
character "A" stored in the memory is shown; 
Fig. 2 is an enlarged plan view of a part of a 
liquid crystal color display panel in the embodi- 
ment of the invention wherein the character n A" 
is displayed; 

Fig. 3 is a block diagram of the embodiment of 
the invention which is applied to a teletext ap- 
paratus; 

Fig. 4 is a time chart of the various signals in 
the embodiment of Fig. 3; w 4S 

Fig. 5 is an enlarged plan view of a part of a 
liquid crystal color display panel in the conven- 
tional color display apparatus wherein the char- 
acter "A" is displayed; and 

Fig. 6 is a diagrammatic illustration showing the 50 
structure of a memory in the conventional color 
display apparatus, wherein bit information repre- 
sentative, of the character "A" stored in the 
memory is shown. 

A color display apparatus according to the em- 55 
bodiment of the invention employs a liquid crystal 
color display panel 1 of the same structure as that 
shown in Fig. 5. A memory 4 of this display ap- 



paratus comprises, as shown in Fig. 1. a memory 
plane (or a storage area) 4R corresponding to the 
red (R) color dots 2r, 2r. 2r,... of the display panel 
1. a memory plane 4G corresponding to the green 
(G) color dots 2g. 2g. 2g,... and a memory plane 
4B corresponding to the blue (B) color dots 2b, 2b, 
2b.... In this case, one bit-pattern of 5 x 9 is stored 
in each of the planes 4R, 4G and 4B for each 
character (in Fig. 1, only the three bit-patterns for 
the character "A" are shown). This enables the 5 x 
9 dot-matrix for red. the 5 x 9 dot-matrix for green 
and the 5 x 9 dot-matrix for blue in the display area 
of 5 x 9 color pixels for one character to be driven 
independently of one another with respect to each 
character. The bit-patterns in the respective planes 
are determined, for example, in the following man- 
ner. In this embodiment, a color pixel 3 on the 
display panel 1 is formed not only by the combina- 
tion of three color dots arranged in the order of red, 
green and blue from left to right but also by the 
combination of color dots arranged in the order of 
green, blue and red from left to right and the 
combination of color dots arranged in the order of 
blue, red and green from left to right For example, 
the cofctf pixel 3-1, located at the top of the char- 
acter "A" in Fig. 2 is driven by the third bits n 1 - 
from the left in the top lines of the respective bit 
patterns in the three planes 4R, 4G and 4B in Rg. 
1. The pixel 3- 2 adjoining the pixel 3-i at its lower 
left comer is driven by the third bit n 1 B from the 
left in the second line from the top of the bit 
pattern in the plane 4R, the second bit w 1" from 
the left in the second line from the top of the bit 
pattern in the plane 4G and the second bit "1" 
from the left in the second line from the top of the 
bit pattern in the plane 4B. In a similar manner, the 
pixel 3-3 adjoining the pixel 3-, at its lower right 
corner is driven by the fourth bit "1" from the left 
in the second line from the top of the bit pattern in 
the plane 4R, the fourth bit "1" from the left in the 
second line from the top of the bit pattern in the 
plane 4G and the third bit "1" from the left in the 
second line from the top of the bit pattern in the 
plane 4B. Thus, the color pixel 3-i is formed by 
the color dots arranged in the order of red, green 
and blue, the color pixel 3- 2 by the color dots 
arranged in the order of green, blue and red. and 
the color pixel 3- 3 by the color dots arranged in 
the order of blue, red and green. 

In this manner, the shift amount in the horizon- 
tal direction between two adjacent color pixels in 
the slant segments of the character "A" can be 
reduced to one color dot In comparison to this, the 
shift in the horizontal direction between two adja- 
cent color pixels in the slant segments has amount- 
ed to three color dots in the conventional apparatus 
shown in Rg. 5. Thus, with this embodiment each 
slant segment of a character can be displayed in 
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me smoothed or even shape, whereby the quality 
of the d,splayed character is enhanced. In other 
words according to this embodiment it is possibie 

L I"»f lSP l aV effSCt eventUa "^ *• same as 

!? ° btained Whe " 3 characte ' « dis- 
played in a dot-matrix of 1 3 x 9. 

m« n r 9 'i !f 3 ^'° Ck dia9ram of *• above embodi- 
m™ . !T Planes 4R - «G and 4B and the 
memory 4 when applied to a teletext apparatus 

faJSUXJ* CO, ° r diSp,ay P 3 ™' 1 js ^ active 

SfZT^ ' ° r diSP,3y Pane ' With TFTs "hose 
color dote are arranged as shown in Rg. 5 or 2. 

TO- display panel 1 has 720 x 720 color dots In 
total, for example. 

r ^ a Thi? apparatus has an input terminal 10 for 

SSZ? 3 V "?° Si9nai Which lnc,udes <*aracte 
information and is fed from a television radio-wave 
receivng section (not shown). The video sLa?* 

ITn'ZT^ inf ° rmafon 
dr2u»\f ra ' ter ,nforma *>n separated by the 

SS P I S K PP,,ed 40 3 Centra ' Pressing unit 
Ell h ' S C ° nStituted - for example by a 
m coprocessor. The CPU 12 is connected via a 

CrTiJ^? » aPParatUS ' data 300 * e «ke- The 
S 1 D « P ! rat8S ,n accordance with the contents 
Of the ROM/RAM 14 ThP rpn m wntenrs 
character* ♦« T V ', U 12 discnminates 

fnZ*? < be displayed from the character in- 
format™ fed from the character information sepa- 
rate arcuit 11 and supplies codes of the disS- 
5,™ . J?**™ to a character generator™ 
comp^r^ 13 - ^ chara «er generator IS 

S> =• memory 4 ' of wW ch structure is 
shown ,n Rg. ,. an d reacJs and 

patterns respectively from the three plane^R 4G 
a ;t! B J n reSP0nSe to a su PP»ed character code 

screThL^!:" 5 ° f CharaCters ,or on * a"«re 
?p ™.h Sn Stored in VRAM 16. the CPU 

ParaSef^^ " *"» ° f 0,3 ^'Patterns in a 
parallel fastuon ,n accordance with the order of 

o^aTvia "V" P "' 3nd Supp,ies ^"ad 
tat data via a bus 20 to a display controller 21 The 

Snes 4R 4gT h 2 1 B ' WWCh """P"* to the 
panes 4R. 4G and 4B. respectively, and the bit 

arf .o^T'" 9 t0 me P,anes «■ ^ and £ 
2 B rSrl? ? ** CO,0r r69iSters 21R - 21G and 
neLrt ^ 6,y - The diSP ' ay """roller 21 is con 

sTgnS bL s 23 tor ^ 1 Via a ^ 

signal bus 23 for supplying control signals such as 

24R aS [ anTj?°r CO,or 
outoute oltS J SUPP,ying active shift ■ 

outputs of the color registers 21 R. 21Q and 21 B 

betwefn LZ * *™ Chart 5howin 9 ^ elation 
between vanous output signals of the display con- 



troller 21. As shown, the display controller 21 se- 
quentially outputs bit data from the respective cd J 

d2ermLd R, tH 1G 218 ° nt ° 3 "^7e 
s r^o Z reference to ^e horizontal svn- 

STSt? Si9nal H ' Wit " hori20 " te ' Position" 
hereof being synchronized with the clock signal 
CLK. Thus, color dote on the display panel 1 are 

LTbi '"r aCCO f anCe ° utp ^ herein " 

;o t,0n ° f mr9e adjacent color dots of the 

£ oixTT C °' 0rS driV6n 33 3 ** s ° t at 
*e pixel is recognized as a pixel having a color 
almost equal to white. 

According to this color display apparatus it is 

" panel in a high quality as shown in Rg 2 

lr i the conventional apparatus, there has been a 

displayed character has no neighboring color pixel 
wh,ch ,s immediately adjacent to the firS-met 
n CO !° r P X9 ' in the Vertc al direction l?h a 

so that the three pnmary colors thereof are in- 
dependent and not properly mixed togeLr A^ 
cordmg to this invention, however, it is possible to 
* arrange every color pixel in a slant segmem of a 

SSST ? ^ ^ 3 ^^ringUTp^xe. 
which is directly adjacent to the first-mentioned 

Although the above embodiment is described 
stteted by three color dote of the three primal 
ori«L 96d in 106 n0^ ' 2on,3, direction, me 
S? e rL ,nVe ?° n ShOU ' d not 56 r astricted only to 
35 can X ^ '* r" ^ app3fent 0,34 t^s invention 
do^! apphcable to such cases where color 
dote are arranged in a delta fashion or in other 

Sun *Tr° re ' atth ° U9h C0, °' di ^av 
SSli * OV8 emoodim ent is of the liquid 

40 sue? aJT ^ diSP ' ay P3nel of ^ Ses 
such as the EC type can also be used in thte 
invention. The invention can also be used in ' 

inSSl CRT ' in WWch *• inform3 «°" from 
the different memory parts is used to eneroize 

^ Phosphor dots of neighbouring pixels. 9 
Claims 



l C ?'° r diSp,ay apparatus comprising a color 
TZ Y ^ ° n WhiCh 3 P,Ur3,ity of ~»or dots 
o i£LZ*° J™ 3 * CO ' 0rS 3re form ad in a 
info d m?r ned ° rder> 3 mem0ry ,or coring bit 
nformat,on corresponding to dot-matrix pat- 
terns representative of characters, and a dTs- 
Ptey control section for activating the color 

T£ Z h f ■? diSP ' ay P3ne » '" accordance 
n. k '"formation read from the memory 
to thereby display characters characterized Z 
mat the memory is provided with at least three 
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storage areas corresponding respectively to 
the color-dot groups of the three primary col- 
ors, in each storage area bit information cor- 
responding to dot-matrix patterns representa- 
tive respectively of all kinds of characters to be 
displayed being stored, the display control 
section activating the color dots of the three 
primary colors on the color display panel 
based respectively on three bit-information 
groups which are read respectively from said 
three storage areas and correspond to a char- 
acter to be displayed, whereby the last-men- 
tioned character is displayed on the color dis- 
play panel. 

A color display apparatus according to Claim 
1. characterized in that the display panel com- 
prises a liquid crystal device. 
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© Color display apparatus. 

© By storing the color information of characters to 
be displayed in three planes (4R, 4C, 4B) in a 
character generator 15 this information can be used 
m a display controllor (21) in such a way that high- 
quality characters are displayed. 
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